Abstract Hydrogen peroxide (H 2 O 2 ), a major reactive oxygen species (ROS) produced during oxidative stress, is toxic to the cells. Hence, H 2 O 2 has been extensively used to study the effects of antioxidant and cytoprotective role of phytochemicals. In the present investigation H 2 O 2 was used to induce oxidative stress via ROS production within PC12 and L132 cells. Cytoprotective propensity of Bacopa monniera extract (BME) was confirmed by cell viability assays, ROS estimation, lipid peroxidation, mitochondria membrane potential assay, comet assay followed by gene expression studies of antioxidant enzymes in PC12 and L132 cells treated with H 2 O 2 for 24 h with or without BME pre-treatment. Our results elucidate that BME possesses radical scavenging activity by scavenging 2,2-diphenyl-1-picrylhydrazyl, 2,2 0 -azinobis(3-ethylbenzothiazoline-6-sulphonic acid), superoxide radical, and nitric oxide radicals. The IC 50 value of BME against these radicals was found to be 226.19, 15.17, 30.07, and 34.55 lg/ml, respectively). The IC 50 of BME against ROS, lipid peroxidation and protein carbonylation was found to be 1296.53, 753.22, and 589.04 lg/ml in brain and 1137.08, 1079.65, and 11101.25 lg/ml in lung tissues, respectively. Further cytoprotective potency of the BME ameliorated the mitochondrial and plasma membrane damage induced by H 2 O 2 as evidenced by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and lactate dehydrogenase leakage assays in both PC12 and L132 cells. H 2 O 2 induced cellular, nuclear and mitochondrial membrane damage was restored by BME pre-treatment. H 2 O 2 induced depleted antioxidant status was also replenished by BME pre-treatment. This was confirmed by spectrophotometric analysis, semi-quantitative RT-PCR and western blot studies. These results justify the traditional usage of BME based on its promising antioxidant and cytoprotective property.
Introduction
Oxidative stress has been implicated in the pathogenesis of several neurodegenerative and lung disorders. Brain tissue is most vulnerable to oxidative stress due to its high glucose metabolism rate, high lipid content, and low antioxidant defense enzyme level. Effect of reactive oxygen species (ROS) is deleterious to cells and contributes to neuronal damage. ROS is known to be involved in various brain related disorders including ischemia-reperfusion, diabetic neuropathy, and neurodegenerative diseases such as Alzheimer's, Parkinson's or Huntington's disease (Packer et al. 1997; Olanow 1993; Zhang and Tang 2000) . Apart from the brain, the lung exists in a high-oxygen environment that is susceptible to injury mediated by ROS. Excessive generation of ROS may alter remodeling of extracellular matrix, mitochondrial respiration, cell proliferation, effective alveolar repair response and immune modulation within the lungs MacNee 1999, 2000) . These tissues are continuously exposed to oxidants either generated endogenously by metabolic reactions (such as from mitochondrial electron transport during respiration, during activation of phagocytes) or exogenously (by cigarette smoke and other air pollutants). Hydrogen peroxide (H 2 O 2 ), a major ROS produced during oxidative stress, is toxic to the cells. Oxidative stress-induced production of ROS are known to cause various cellular and subcellular damages which include DNA strands break, denaturing cellular proteins and oxidation of biomolecules (Maxwell 1995) . Therefore, therapeutic strategies are aimed to prevent or to scavenge ROS production. Supplementation of antioxidants has been considered as an attractive strategy to prevent or attenuate the progression of diseases induced by ROS production.
Phytomedicine obtained from herbal sources provide outstanding contribution to modern therapeutics due to their potent antioxidant activities, no side effects and economic viability. Among the various phytochemicals found in plants, antioxidants are of particular importance because they might serve as leads for the development of novel drugs and neutraceutical products. Bacopa monniera (L.) Wettst (Scrophulariaceae) is a traditional medicinal herb whose major constituent was found to be bacoside-A. Bacoside A is a mixture of bacosaponin isomers. These active components facilitate learning and memory and also possess antiamnesic, antistress (Chowdhuri et al. 2002) , anxiolytic (Ernst 2006) , antidementic (Dhawan and Singh 1996) , antiulcerogenic, antiarthritis, anti-inflammatory (Channa et al. 2006) , antifatigue (Anand et al. 2012 ) and neuroprotective properties (Dhanasekharan et al. 2007; Pandareesh and Anand 2013) . We previously demonstrated the antioxidant and plasmid DNA damage preventive properties of hexane, chloroform, ethyl acetate, acetone, methanol and aqueous extracts from B. monniera (Anand et al. 2011) . These results are supported by earlier reports (Bhattacharya et al. 2000a (Bhattacharya et al. , 2000b Sairam et al. 2001; Tripathi et al. 1996; Russo et al. 2003a; Sumathy et al. 2002) . Antioxidant efficiency of B. monniera in brain, support it as a potent therapeutic agent in neurodegenerative pathologies and other agerelated cognitive declines. Studies have shown protective efficacy of B. monniera in liver and brain (Sumathy et al. 2001 (Sumathy et al. , 2002 against morphine induced inhibition of antioxidant enzyme systems. Anbarasi et al. (2005) demonstrated that isolated bacoside-A protected rat brain tissue from various parameters of oxidative stress induced by chronic cigarette smoke exposure. Russo et al. (2003a, b) and Russo and Borrelli (2005) demonstrated a free radical scavenging activity of Bacopa monniera, which protected against cytotoxicity and DNA damage in human fibroblasts and in cultured rat astrocytes. The present studies have been designed in continuation to earlier studies to elucidate cytoprotective propensity of Bacopa monniera that mitigates oxidative stress-induced neuronal and pulmonary disorder.
Materials and methods

Reagents and chemicals
Nutrient mixture F-12 Ham Kaighn's modification medium, Dulbecco's modified Eagle's medium with high glucose, penicillin-streptomycin antibiotic solution, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 2 0 ,7 0 dichlorfluorescein-diacetate, rhodamine 123, sodium dodecyl sulfate (SDS), 2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS), glutathione standard, acetylthiocholine iodide, 5,5 0 -dithio-bis(2-nitrobenzoic acid) (DTNB), bovine serum albumin, protease cocktail inhibitor, low melting agarose and sodium bicarbonate were purchased from Sigma-Aldrich (St. Louis, MO, USA). Hydrogen peroxide, sodium chloride, disodium hydrogen phosphate, sodium dihydrogen phosphate were purchased from S.D Fine Chemicals (Mumbai, India). RNeasy mini kit was purchased from Qiagen (Valencia, CA, USA). Transcriptor first strand synthesis kit was purchased from Roche (Mannheim, Germany). Fetal bovine serum was procured from Hyclone (Logan, UT, USA), and horse serum from Life Technologies (Carlsbad, CA, USA).
Purification and quantification of Bacoside A Aerial parts of the plant material were collected from the foothills of Tirumala, Tirupati, Andhra Pradesh, India and identified with the help of Prof. N. Yasodamma, Head, Department of Botany, Sri Venkateswara University, Tirupati, India (Herbarium collection Voucher No. DA-112). The plant material was allowed to dry in shade for 3 days. The shade dried plant material was taken for further studies. The hydroethanolic (90 % ethanol) bacoside rich extract was isolated and quantified as reported in our previous studies. The amount of bacoside A was found to be *16 % Pandareesh and Anand 2014) .
Antioxidant capacity assays 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay was carried out as mentioned previously by Eberhardt et al. (2000) . 2,2 0 -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical scavenging activity was estimated using the method published by Re et al. (1999) . Superoxide radical scavenging activity was determined using the method published by Sreejayan et al. (1997) . Nitric oxide scavenging activity was determined following Beauchamp's method (Beauchamp and Fridovich 1971) . ROS was estimated by oxidation of 2 0 , 7 0 dichlorofluorescein diacetate in rat brain and lung homogenate. Anti-lipoperoxidative activity and protein carbonyl content in rat brain and lung tissue homogenates was determined by the method of Reznick and Packer (1994) . Protein oxidation was assayed as described by Kwon et al. (2000) with minor modifications. Briefly, oxidation of bovine serum albumin (5 lg) in phosphate buffer was initiated by 20 mM 2,2 0 -Azobis(2-methylpropionamidine) dihydrochloride (AAPH) and inhibited by various concentrations of BME (5-40 lg/ml). After incubation for 2 h at 37°C, butylated hydroxytoluene (BHT) (0.02 %) was added to prevent the formation of further peroxyl radical. The samples were then analyzed with normal SDS-PAGE. The data were expressed in terms of percentage inhibition (Cai et al. 2003) .
where Ac is the absorbance of positive control solution and As is the absorbance of test solution. IC 50 value, the concentration of sample or extract required to scavenge 50 % of the free radicals in the mixture, was calculated using a linear regression equation derived from the graph of % scavenging activity versus sample concentration.
Cell culture and treatments
The PC12 (rat pheochromocytoma cells) and human embryonic lung epithelial cells (L132) used in the current study were supplied by the National Centre for Cell Science (Pune, India). The PC12 cells were grown in nutrient mixture Ham's F-12 medium (Kaighn's modification) containing 2.5 % fetal bovine serum and 15 % horse serum. Whereas L132 cells were grown in Dulbecco's modified Eagle's medium with high glucose and supplemented with 5 % fetal bovine serum. Penicillin (100 U/ml) and streptomycin (100 lg/ml) were added to the growth media. Both cell lines were maintained in a humid atmosphere of 5 % CO 2 and 95 % air at 37°C. For all experiments, 80 % confluence with more than 95 % cell viability was considered as optimum. All the experiments were conducted in serum free media. Freshly prepared hydrogen peroxide was added as free radical inducer for 24 h to the cells with or without pretreatment with BME (100 lg/ml) for 1 h before any experiment.
Cell viability assay
Cell viability was assessed using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay . The principle of the assay is based on the cleavage of tetrazolium salts by mitochondrial succinate reductase in viable cells to form formazan dye. The PC12 cells were seeded in 96-well plates at a density of 1 9 10 4 cells/well and grown for 24 h and then subjected to the treatments of interest. After treatments, MTT (0.5 mg/ml) was added to each well and incubated for 2 h at 37°C and the formed formazan crystals were dissolved in DMSO. The absorbance was then measured at 540 nm using Multi-technology plate reader (Plate Chameleon, Type 425-106 s/n 2090137, Turku, Finland). Cell viability was expressed as a percentage of the value against the control group.
Lactate dehydrogenase (LDH) Leakage
Cytotoxicity was quantified by estimating the LDH activity as per the manufacturer's instructions (Agappe-11407002, Pattimattom (PO), Dist. Ernakulam, Kerala, India). The assay is based on leakage of cytosolic LDH into media due to plasma membrane damage. The PC12 and L132 cells were plated at a density of 5 9 10 4 cells/ well on 24-well plates, and after 24 h of adherence, the cells were subjected to H 2 O 2 treatment. After 24 h of treatment period, LDH activity was measured using 10 ll of medium from all the samples. Control cells were lysed by adding 10 ll of cell lysis solution (2 % Triton X-100). Cell lysate was centrifuged at 2,6509g for 5 min. Supernatant was used to measure the total LDH activity. LDH activity measured within the cell homogenate was considered as 100 % and compared with other treated samples.
Estimation of intracellular ROS production
The cells were cultured in 24 well plates for fluorimetric analysis and treated as mentioned earlier. After treatments, the oxidation-sensitive dye 2 0 ,7 0 dichlorfluorescein-diacetate (0.5 mg/ml) was added to the cells and incubated for 30 min at 37°C. The cells were then collected after washing twice with phosphate buffer saline (PBS) and the intracellular ROS formation was detected at an excitation wavelength of 485 nm and an emission wavelength of 535 nm using Multi-technology plate reader (Plate Chameleon, Type 425-106 s/n 2090137, Finland). For imaging, the cells were grown on cover slips (Blue star, North Brunswick, NJ, USA) which were pre-coated with poly L-lysine. After experimental treatments, the cells were treated with 2 0 ,7 0 dichlorfluorescein-diacetate as mentioned above and excess dye was removed by washing twice with PBS. The cells were imaged using a fluorescence microscope (Olympus, Tokyo, Japan) equipped with a Cool SNAP Ò Pro color digital camera.
Measurement of lipid peroxidation
Malonyldialdehyde (MDA), a lipid peroxidation product, was measured following the method of Ohkawa et al. (1979) with minor modifications. Both PC12 and L132 cells were seeded in 75 cm 2 flasks at a concentration of 1 9 10 6 cells/ml and incubated at 37°C. After 80 % confluence was reached, the cells were treated as described earlier. They were collected, washed twice with PBS and lysed in ice-cold 1.15 % KCl with 1 % Triton X-100 by sonication for 5 min. Aliquots (100 ll) of the cell lysates were mixed with 0.2 ml of 8.1 % SDS, 1.5 ml of 20 % acetic acid (pH 3.5), 1.5 ml of 0.8 % thiobarbituric acid and the volume was brought up to 4 ml using distilled water. The content(s) were boiled for 2 h to develop the colour and cooled. The content was centrifuged at 3,0009g for 10 min and the absorbance of supernatants was measured at 532 nm. The MDA content was calculated using the molar extinction coefficient of 1.56 9 10 5 M -1 cm -1 (Buege and Aust 1978) .
Single cell gel electrophoresis (SCGE) assay DNA damage preventing efficacy of BME against H 2 O 2 induced oxidative stress was assessed by alkaline comet assay with slight modifications (Singh et al. 1988 ). The cells (1 9 10 6 cells) were seeded in 75 cm 2 flasks and treated as described previously. The cells were collected and equal volume of cell suspension (4 9 10 5 ) was mixed with 0.5 % (w/v) low melting agarose (LMA) in 0.01 M of PBS. The mixture was pipetted on to frosted slides pre-coated with 1 % (w/v) normal melting agarose. After solidification of agarose, the slides were covered with another 100 ll of 0.5 % (w/v) LMA and immersed in lysis buffer (2.5 M NaCl, 100 mM EDTA, 10 mM Tris-HCl buffer, 0.1 % SDS and 1 % Triton X-100 and 10 % DMSO; pH 10.0) for 120 min in dark at 4°C to lyse the cellular and nuclear membranes. The slides were rinsed with unwinding buffer and transferred into an electrophoresis tank containing unwinding buffer (3 M NaOH, 10 mM EDTA; pH 13.0) for denaturing the DNA followed by electrophoresis for 30 min with an electric current of 25 V. The slides were washed twice with neutralizing buffer (0.4 M Tris-HCl; pH 7.5) for 10 min and treated with ethanol for another 5 min. The slides were stained with 40 ll of ethidium bromide (20 mg/ml) and DNA damage was visualized by using fluorescence microscope (Olympus, equipped with Cool SNAP Ò Pro color digital camera). The undamaged chromosomal DNA remains compact within the nucleus and when damaged by H 2 O 2 exposure, this organization is disrupted. During electrophoresis damaged fragments move faster and can be visualized in the form of a tail and appear as 'comet', whereas undamaged DNA remains compact. The length of the comet tail is measured as an index of DNA damage by Comet Assay IV software to determine the tail movement. The results were expressed as percent tail movement.
Measurement of mitochondrial membrane potential (MMP)
The protective effect of BME on mitochondrial damage induced by H 2 O 2 was determined by measuring the MMP using the fluorescent dye rhodamine 123. The cells were cultured in 24 well plates for fluorimetric analysis. After the treatments, rhodamine 123 (10 mg/ml) was added to the cells and incubated for 1 h at 37°C. After washing twice with PBS, the cells were collected and the fluorescence was detected at an excitation wavelength of 485 nm and an emission wavelength of 535 nm using Multi-technology plate reader (Plate Chameleon, Type 425-106 s/n 2090137). The fluorescence emitted by control cells was considered as 100 % and compared with the other treated groups.
Estimation of antioxidant status
Both PC12 and L132 cells (1 9 10 6 cells) were seeded in 75 cm 2 flasks and treated as described previously. The cells were collected and lysed by sonication in ice-cold 50 mM potassium phosphate buffer, pH 7.4 containing 2 mM EDTA and 0.1 % Triton X-100. The content was centrifuged at 13,0009g for 10 min at 4°C to remove cell debris. The resulting supernatants were analyzed for protein contents by Lowry's method (Lowry et al. 1951) . Activities of antioxidant enzymes such as superoxide dismutase (SOD), glutathione peroxidise (GPx) and glutathione reductase (GR) were estimated according to the manufacturer's instructions (Randox, Cat no. SD. 125, RS 504, GR 2368, Mississauga, ON, Canada) while catalase (CAT) was estimated by measuring the decay of 6 mM H 2 O 2 solution at 240 nm by the spectrophotometric degradation method (Aebi 1984 ). An extinction coefficient of 43.6 M -1 cm -1 was used to determine the enzyme activity and values were expressed as mmol H 2 O 2 degraded/min/mg of protein.
GSH was determined by its reaction with 5, 5 0 dithiobis (2-nitrobenzoic acid) (DTNB) to yield a yellow chromophore which was measured using spectrophotometer at 412 nm. GSH concentration was calculated by using a standard curve prepared with reduced glutathione and expressed as lg/mg protein. Total antioxidant capacity was determined by scavenging ABTS radicals. ABTS was dissolved in water to a 7 mM concentration. ABTS radical cation (ABTS •? ) was produced by reacting ABTS stock solution with 2.45 mM potassium persulfate (final concentration) and allowing the mixture to stand in the dark at room temperature for 12-16 h before use.
Dilutions of ABTS
•? solution was prepared in double distilled water to give it an absorbance value of 0.7 ± 0.02 at 734 nm. PC12 cells were grown in 25 cm 2 flask, have received various treatments for 24 h, were washed with ice-cold PBS and homogenized in 50 mM phosphate buffer (pH 7.4). Cell homogenate (10 ll) was added as source of antioxidants to the preformed radical cation. Decolorization of ABTS on a time-scale represents the antioxidant activity of BME. The concentration of the antioxidant and the duration of the reaction were monitored at 734 nm for 3 min at an interval of 1 min. The concentration of total antioxidants was determined using the molar extinction coefficient of ABTS
1.5 9 10 4 M -1 cm -1 (Roberta et al. 1999) . Western blot analysis Total cellular protein was separated on SDS-PAGE and transferred onto a nitrocellulose membrane using an electro blotting apparatus (Cleaver Scientific Ltd, UK) as per earlier method (Anand et al. 2012) . After transfer, the membranes were probed with a-Tubulin (sc-5286), SOD (sc-8637), a-CAT (sc-34280), a-GPx (sc-22146) and a-GR (sc-32408) (Santa Cruz Biotechnology, Santa Cruz, CA, USA) at 1: 1,000 dilutions and incubated at 37°C for 3 h. The membranes were washed four times in TBST (TrisBuffered Saline and Tween 20) for 15 min followed by incubation at room temperature for 2 h in horseradish peroxidase conjugated goat anti-mouse and rabbit anti-goat secondary antibodies (DAKO, Denmark) at 1:10,000 dilutions. The membranes were washed again and developed using an enhanced chemiluminescence detection system (ProteoQwest Ò , Sigma). Developed membranes were exposed to x-ray film and the developed band intensity was captured. The western blot band intensity was measured using NIH image J software.
Total RNA isolation, c-DNA synthesis and semiquantitative PCR Total RNA was extracted using RNeasy spin columns (Qiagen, Valencia, CA, USA) as per manufacturer's instructions. c-DNA synthesis was also performed as per the manufacturer's instructions (Roche Diagnostics, Mannheim, Germany) and stored at -20°C for further use. Transcript abundances for the SOD, CAT, GPx and GR genes were examined by semi-quantitative PCR. Primers were designed using GeneTool 1.0 software and synthesis was done at Imperial Life Sciences Pvt. Ltd (Gurgaon, Haryana, India) (Table 1) . 18 s RNA was used as housekeeping gene. The PCR reaction mixture (1 ll of c-DNA, 2 9 ready mix PCR reagent containing dNTP's, Taq-Polymerase 10 ll) with 10 pmol forward and reverse primers was The results shown are averages of three independent experiments, values are mean ± SEM. BHA was used as standard for DPPH radical scavenging activity and ascorbic acid was used as standard for ABTS, superoxide and nitric oxide radical scavenging activity. Ascorbic acid was used as antioxidant standard added to the final volume of 20 ll with PCR grade water. The PCR reaction was performed with DNA Thermal Cycler (Veriti, Applied Biosystems/Life Technologies, Carlsbad, CA, USA). The cycling programs were as follows: initial denaturation at 94°C for 5 min, followed by denaturation for 30 s at 94°C, annealing for 30 s at 55°C, extension for 50 s at 72°C and final extension for 5 min at 72°C. After completion of PCR (22 cycles for 18 s RNA; 35 cycles for SOD, CAT, GPx and GR), the thermal cycler was stopped. The amplified products were loaded onto 1 % agarose containing 0.1 mg/ml ethidium bromide in the gel and run at 100 V for 60 min. The band intensity of control and treated sample in agarose gel was quantified using NIH Image J software.
Statistical analysis
The data are expressed as mean ± SD of the mean (SEM). Data were analyzed using one-way ANOVA followed by Tukey's post hoc test using SPSS 15.0 for Windows software. Differences at p \ 0.05 were considered to be significant.
Results
Antioxidant activity
The scavenging activity of DPPH, a stable free radical, is a widely used index and a quick method to evaluate antioxidant activity. The DPPH radical scavenging potency of BME showed the IC 50 value at the concentration of 226.19 lg/ml. ABTS is an excellent tool for determining antioxidant activity of hydrogen donating antioxidants and of chain breaking antioxidants. The IC 50 value of ABTS radical scavenging potency of BME was found to be 15.17 lg/ml. Superoxide anions are the preliminary radical generated during oxidative stress. The IC 50 value of superoxide anion scavenging activity of BME was found to be 30.07 lg/ml. Nitric oxide has an important role in various inflammatory processes and sustained levels of production of this radical are directly toxic to tissues. NO reacts with superoxide anion resulting in formation of highly reactive peroxynitrate anion (ONOO - scavenging effect of BME was found to be 34.55 lg/ml (Table 2) . ROS inhibition, lipid peroxidation and protein carbonyl formation were inhibited by BME. The IC 50 value of ROS inhibition, lipid peroxidation and protein carbonyl formation was found to be 1296.53, 753.22 and 589.04 lg/ml, respectively, in rat brain homogenate followed by 1,137.08, 1,079.65 and 1,101.25 lg/ml, respectively, in rat lung homogenate (Table 3) . Protein oxidation induced by AAPH was inhibited by BME pretreatment. The band intensity was restored by BME pretreatment at 55. 90, 80.88, 86.37, 93 .60 % in comparison to control at the concentration of 5, 10, 20 and 40 lg/ml of BME (Fig. 1 ).
Protective role of BME against H 2 O 2 induced cell death
Cytoprotective role of BME was evaluated in PC12 and L132 cells. H 2 O 2 exposure induced toxicity by decreasing cell survival in a dose-dependent manner. H 2 O 2 treatment (300 lM for PC12 cells and 500 lM for L132 cells) reduced the cell viability to 49.12 and 52.14 % respectively. The same concentration of H 2 O 2 was used in subsequent experiments (Fig. 2a) . Further, to determine the neuroprotective and lung protective efficacy of BME, the cells were pretreated with 25-100 lg/ml of BME for a period of 1 h, followed by treatment with H 2 O 2 (300 lM for PC12 and 500 lM for L132) for 24 h. As shown in Fig. 2b a Control cells without any treatment, b 100 lg/ml BME, c H 2 O 2 (300 lM for PC12 and 500 lM for L132) for 24 h d cells pre-treatment with 100 lg/ml BME for 1 h and then exposed to H 2 O 2 (300 lM for PC12 and 500 lM for L132) for 24 h release were observed at 300 and 500 lM H 2 O 2 in PC12 and L132 cells, respectively (Fig. 3a) . In contrast, 100 lg/ml BME pretreated cells showed a decreased release of LDH up to 27.82 % (PC12 cells) and 32.56 % (L132 cells) as compared to the H 2 O 2 alone treated group (Fig. 3b) .
Effect of BME on ROS generation and lipid peroxidation
Exposure of PC12 and L132 cells to H 2 O 2 elicited ROS production by *2 fold increase as compared to their respective control groups. ROS generation was attenuated significantly (p \ 0.05) when cells were pretreated with BME followed by H 2 O 2 treatment for 24 h. The fluorescence intensity decreased to 154.38 % (PC12 cells) and 142.56 % (L132 cells) with BME pretreatment indicating the potent antioxidant propensity of BME (Fig. 4a) . The ROS production in PC12 and L132 cells was also monitored by fluorescence microscopy. The images captured are shown in Fig. 4b . ROS generated by H 2 O 2 treatment causes oxidation of membrane lipids and releases lipid peroxidation products (MDA). PC12 and L132 cells exposed to H 2 O 2 for 24 h significantly increased the MDA levels by 258.98 and 272.08 % in relation to the control group. Pretreatment with BME had significantly decreased the rate of lipid peroxidation (176.38 % in PC12 and 174.34 % in L132 cells) as compared to the H 2 O 2 treated group (p \ 0.05) (Fig. 5a ).
Protective role of BME on H 2 O 2 induced MMP reduction
Lipid peroxidation caused by the free radicals attack leads to a loss of mitochondrial membrane potential. This was analyzed in terms of accumulation of rhodamine 123, a membrane permeant, cationic fluorescent dye. The rhodamine 123 fluorescence decreased by 62.12 % in PC12 and 64.76 % in L132 cells with H 2 O 2 exposure compared to control indicating depolarization of mitochondrial membrane. However, the cells pretreated with BME, prior to H 2 O 2 exposure, showed a significant regain in the fluorescence intensity to an extent of 90.54 and 87.32 %, respectively, in PC12 and L132 cells as compared to its respective control (Fig. 5b) . Protective role of BME on H 2 O 2 induced DNA damage H 2 O 2 treated cells showed definite tail with a consistent amount of fragments indicating DNA damage (Fig. 6a) . BME pretreatment was found to decrease the tail movement from 23.9 to 12.9 % in PC12 cells and from 20.8 to 8.2 % in L132 cells, respectively, (Fig. 6b) . These pretreated cells appeared with a small tail and a little migration of fragments of DNA indicating protective efficacy of BME against H 2 O 2 induced DNA damage.
Effect of H 2 O 2 on antioxidant status
The cellular antioxidant enzymes including SOD, CAT, GPx, GR activity was reduced by H 2 O 2 exposure as compared to that of their respective control cells. However, BME pretreatment restored the H 2 O 2 -induced down-regulation of target proteins in both PC12 and L132 cells. These results were confirmed by the activation of SOD, CAT, GPx, and GR by BME pretreatment in terms of gene expression by semiquantitative PCR analysis in PC12 cells (Fig. 7) and protein expression by Western blot analysis in L132 cells (Fig. 8) . The protein levels of all enzymes were found consistent with their enzymatic activities (Table 4) . These results indicate that the enhancement in antioxidant enzyme activities by BME pretreatment is associated with the inhibition of ROS production. The cellular reduced GSH levels and total antioxidant capacity was significantly depleted by H 2 O 2 -induced toxicity (p \ 0.05). The decrease in GSH levels and total antioxidant capacity was improved by pretreatment with BME (70.93 % in PC12 cells and 81.00 % in L132 cells, respectively) ( Table 4) .
Discussion
Phytochemicals obtained from plants have become a significant source of nutraceutical and traditional medicines. The therapeutical properties of most of these plants are due to their antioxidant potential. It is obvious that no single method is capable of providing a comprehensive picture of the antioxidant profile of a studied sample. Hence, in the present study, antioxidant role of B. monniera has been evaluated by various phytochemical and biochemical assays (Tables 1, 2) . Lipid peroxidation and protein oxidation are reported to be involved in the etiology of several human diseases such as atherosclerosis, ageing and neurodegenerative diseases. Thus, the inhibition * # # * CONTROL BME (100 µg/ml) H 2 O 2 (500 µM) H 2 O 2 + BME CONTROL BME (100 µg/ml) H 2 O 2 (300 µM) H 2 O 2 + BME H 2 O 2 H 2 O 2 +BME CONTROL BME A B Fig. 6 a Effect of BME on DNA damage induced by H 2 O 2 in PC12 and L132 cells. a Control cells without any treatment, b 100 lg/ml BME, c H 2 O 2 (300 lM for PC12 and 500 lM for L132) for 24 h d cells pre-treatment with 100 lg/ml BME for 1 h and then exposed to H 2 O 2 (300 lM for PC12 and 500 lM for L132) for 24 h and (b). The tail length of the comet was measured in each cell using image pro Ò plus software and represented as percent tail movement. The data are presented as mean ± SEM of three independent experiments. *p \ 0.05 versus the respective control group and # p \ 0.05 versus the respective H 2 O 2 treated group of oxidation of these biomolecules by BME may be vital for the alleviation of an array of diseases.
H 2 O 2 has been extensively used to study the effects of antioxidant and cytoprotective role of phytochemicals (Gulden et al. 2010; Brenner et al. 2010) . Hence, the cytoprotective propensity of BME has been evaluated against H 2 O 2 induced oxidative stress in PC12 and L132 cells. The possible mechanism of cytoprotection in neuronal and lung epithelial cells by its potent antioxidant propensity was evaluated by estimating the biomarkers known to be induced by oxidative stress. H 2 O 2 is a well known potent inducer of ROS capable of inducing cell injury both in vitro and in vivo (Kim et al. 2012; Terashvili et al. 2012 ). Studies have shown that H 2 O 2 is known to induce oxidative damage, leading to lipid peroxidation, ROS generation, GSH depletion and reduction in mitochondrial membrane potential, antioxidant enzymes (SOD, catalase and GPx) activity preceding cell death (Chan et al. 2009; Brenner et al. 2010; Gulden et al. 2010) .
In the present study, exposure of PC12 and L132 cells to H 2 O 2 induced cell mortality, which is confirmed by MTT and LDH leakage assay (Figs. 2,  3) . Recently Li et al. (2013) demonstrated neuroprotective property of sulfiredoxin-1 against oxidative stress mediated cytotoxicity of H 2 O 2 in PC12 cells. In another study Si et al. (2013) , demonstrated the antioxidant and neuroprotective property of isocampneoside II against H 2 O 2 induced oxidative injury in PC12 cells. Similarly our present study is in corroboration with above findings showing anti-oxidative and neuroprotective propensity of BME against H 2 O 2 induced oxidative damage in both PC12 and L132 cells (Figs. 2, 3) . Cytotoxic effect of H 2 O 2 is due to ROS generation within the cells which were estimated spectrofluorimetrically using a non-ionic, non-polar fluorescent dye 2 0 ,7 0 dichlorfluorescein-diacetate. The emitted fluorescence is directly proportional to the ROS generation induced by H 2 O 2 . Our results showed BME pretreatment decreases fluorescence, indicating b Fig. 7 a Protective effect of BME (100 lg/ml) against H 2 O 2 treatment on expression of oxidative stress marker SOD, CAT, GPx and GR was analyzed by semi-quantitative PCR analysis. the ROS inhibitory effect of BME (Fig. 4a, b) . The generated ROS reacts with the glycophospholipids, fatty acids and other essential lipids present in mitochondrial membrane and cell membrane leading to formation of lipid peroxides and other radicals which can propagate end products such as aldehydes, among which malonyldialdehyde is one. In the present study, we found that BME pretreatment inhibits the H 2 O 2 -induced lipid peroxidation (Fig. 5) . These results are corroborating with our previous in vivo and in vitro studies (Anand et al. 2012; Pandareesh and Anand 2013) . Lipid peroxidation triggers the arachidonic-acid cascade, with the production of cell proliferationstimulating eicosanoids. The by-products of the arachidonic-acid pathway such as malondialdehyde and 4-hydroxynonenol are DNA-damaging agents. In the present study, the protective effect of BME against H 2 O 2 induced DNA damage by single cell gel electrophoresis (SCGE) assay was observed. As mentioned earlier, free radical generation causes lipid peroxidation and increases the permeability of the mitochondrial membrane. This decrease in mitochondrial membrane potential was found to be associated with several apoptosis models and its estimation is a biomarker to evaluate stress induced apoptotic cell damage (Ly et al. 2003) . Rhodamine 123, a mitochondrial selective, cationic and lipophilic fluorescent dye that partitions into active mitochondria based on its highly negative mitochondrial membrane was used to check mitochondrial membrane potential. The diffusion and accumulation of this dye in mitochondria is proportional to the degree of mitochondrial membrane potential (Ubl et al. 1996) . Any damage in mitochondrial membrane will lead rhodamine 123 to leak out into cytosol which subsequently moves out of the plasma membrane and exhibits decreased intracellular fluorescence. However, the present study showed the restoration of fluorescence by BME pre-treatment indicating cytoprotective role of Fig. 8 a Protective effect of BME (100 lg/ml) against H 2 O 2 treatment on expression of oxidative stress marker proteins SOD, CAT, GPx and GR analyzed by immunobloting. Oxidative stress can occur either due to over production of ROS or due to the decrease in cellular antioxidant levels. The predominant enzymatic defense systems against H 2 O 2 induced toxicity are SOD, CAT, GPx and GR which are present in all cells and play a crucial role in ameliorating the oxidative damage within the cells (Li et al. 2012; Halliwell and Gutteridge 2001) . In the present study, both PC12 and L132 cells exposed to H 2 O 2 have significantly depleted the levels of these antioxidant enzymes. This perturbation within the system makes the cells more vulnerable to oxidant injury. However, in BME alone treated cells the expression of SOD and CAT was slightly elevated (not significant). This elevation in expression may be due to antioxidant property of BME, which boosts the antioxidant enzyme levels. These findings are in support with the earlier investigation of Iqbal et al. (2003) , showing that the dietary supplementation of curcumin enhances antioxidant enzyme levels. The decreased activity of antioxidant enzymes may be due to decreased cellular antioxidant levels viz GSH levels. Hence, the GSH redox cycle plays a major role in protection against severe oxidative stress (Merad- Boudia et al. 1998; Ibi et al. 1999 ) and GSH may be considered as one of the most prevalent and important free radical scavenger for the antioxidant defense of the cells. Depletion of GSH leads to peroxidation of lipids, proteins, carbohydrates and DNA damage consequently causing cellular damage (Table 4 ). In an earlier study, Chan et al. (2009) reported that the antioxidant and neuroprotective role of astaxanthin and canthaxanthin protected the differentiated PC12 cells from H 2 O 2 -induced cell death, LDH leakage, DNA fragmentation, mitochondrial membrane damage, lipid peroxidation, glutathione depletion and antioxidant enzyme status. Similarly neuro and lung protective property of various novel compounds have been established by many researchers (Gao et al. 2010; Lu et al. 2010; Shen et al. 2011; Liu et al. 2011; Yoon et al. 2011; Luo et al. 2011 ). In the same way the present results are in support with earlier studies suggesting neuro and lung protective propensity of BME.
Antioxidants obtained from plant source are capable to remove free radicals. Among them, phenolic and polyphenolic compounds, such as flavonoids and catechin in edible plants, exhibit potent antioxidant activities (Fang 2002) . Polyphenolic compounds from tea scavenging free radicals like superoxide and hydroxyl radicals and enhance Cu, Zn-SOD activity by decreasing malondialdehyde levels, an indicator of lipid peroxidation (Youdim et al. 2000) . Vitamins also directly scavenge ROS and up-regulate the activities of antioxidant enzymes. Among them, vitamin E has been recognized as one of the most important antioxidants. Vitamin E inhibits ROS-induced generation of lipid peroxyl radicals, thereby protecting cells from peroxidation of PUFA in membrane phospholipids, from oxidative damage. It also reduces the activities of hepatic catalase, GPx, and GR (Chow et al. 1973; Topinka et al. 1989) . In corroboration with these above studies, BME extract has effectively scavenged free radicals like superoxide radical, nitric oxide radical and ABTS radical. The IC 50 value of BME for these radicals has been reported in Table 2 . Further, ethyl acetate extract of germinated brown rice has been reported to attenuate hydrogen peroxide-induced oxidative stress in human SH-SY5Y neuroblastoma cells via anti-apoptotic, pro-survival and antioxidant genes (Azmi et al. 2013) . Similarly in the present study also BME has effectively scavenged the ROS levels and elevated the levels of antioxidant genes to protect the cells against oxidative damage induced by hydrogen peroxide. Collectively, these studies suggest that phytochemicals may be used as effective antioxidants for improving human health and preventing multiple disorders.
Conclusion
In conclusion, our present study showed neuro and lung protective role of Bacopa monniera by upregulating the expression of enzymatic antioxidants against H 2 O 2 induced oxidative injury in PC12 and L132 cells. Administration of BME attenuates the oxidative damage induced by H 2 O 2 by improving the antioxidant status, mitochondrial membrane integrity and by preventing DNA fragmentation and lipid peroxidation. Hence, the study supports the traditional usage of BME for its promising antioxidant, neuro and lung protective propensity.
